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which designated the United States of America and was not 
published in English. 



Technical Field 

The present invention relates to an acoustic wave 
apparatus for propagating acoustic waves, used for the 
circuit of a communication equipment, an electronic device 
or the like. 

Background Art 

Heretofore, in such an acoustic wave apparatus in 
which a piezoelectric substrate containing tantalic acid 
lithium (LiTaOg, referred to as LT hereinafter) has been 
used, the cut angle 8 of the LT substrate has been set 
equal to 36°. This setting was a result of the calculation 
that if an electrode was formed on the surface of such a 
substrate, and the substrate surface was electrically 
short-circuited, the amount of propagation loss would be 
reduced to nearly a value of zero. 

However, such calculation was made by assuming the 
establishment of an ideal state where the electrode had no 
thickness. Consequently, in the actual acoustic wave 
apparatus comprising an electrode having thickness, there 
was a possibility that a condition for reducing the amount 
of propagation loss to a minimum may be different. In 
addition, the calculation was made by examining the case 
where the entire surface of the substrate was covered with 
the electrode- Consequently, in the acoustic wave 
apparatus comprising electrode fingers cyclically arrayed 
as in the case of an SAW filter, there was a possibility 
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that a condition for reducing the amount of propagation 
loss to a minimum might be different. 

Thus, in Japanese Patent Application Laid-Open No. 
1997-167936 (referred to as a document 1, hereinafter), a 
condition for reducing the amount of propagation loss to a 
minimum is examined by taking into consideration the 
thickness of a grating electrode formed on the surface of 
the LT substrate. Fig. 1 shows the result of calculating 
the amount of propagation loss in a ladder surface acoustic 
wave filter of the document 1 shown in Fig. 7. In the 
drawing, an ordinate indicates the amount of loss made when 
a surface acoustic wave (referred to as SAW, hereinafter) 
is propagated per wavelength (X), i.e., the amount of loss 
per wavelength (dB/?.) . An abscissa indicates a 
standardized electrode thickness (h/X), where the thickness 
h of the electrode is standardized based on the wavelength J 
X of SAW. 

Fig. 1 shows the case where an LT carystal X-axis 
direction is set as a SAW propagation direction, a surface 
perpendicular to a "B-rotated Y" axis obtained by rotating 
a crystal Y axis by 0 around the crystal X axis, is set as 
a substrate surface, and a cut angle 6 is set in the range 
of 36° to 46°. The LT substrate having the surface 
perpendicular to the "O-rotated Y" axis set as its surface 
and the crystal X-axis direction set as the SAW propagation 
direction is represented by O-rotated Y-cut X-propagation 
tantalic acid lithium, abbreviated to BYX-LT, or eYX-LiTaOj. 
In many cases, the electrode is made of aluminum (Al) or an 
alloy mainly containing Al. 

As shown in Fig. 1, if a standardized electrode 
thickness (h/X) is 0, the amount of loss per wavelength 
(dB/X.) is minimum when a cut angle 6 is about 36°. This 
result coincides with that of the conventional calculation, 
i.e., if the ideal state of the electrode having no 
thickness is established, the amount of propagation loss is 
reduced to nearly a value of zero when a cut angle 6 is 36°. 
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In addition, as shovm in Fig. 1, if a cut angle 8 is 
40°, the amount of loss per wavelength (dB/X) is minimum 
when a standardized electrode thickness (h/>.) is about 0.05. 
If a cut angle 9 is 42°, the amount of loss per wavelength 
(dB/X) is minimum when a standardized electrode thickness 
(h/X) is about 0.075. Accordingly, in the SAW device 
realized by setting the standardized electrode thickness 
(hA) in a range above 0.05, a cut angle 0 for reducing the 
amount of propagation loss to a minimum resides in a range 
above 40° . 

As apparent from the foregoing discussion made with 
reference to Fig. 1, it is possible to reduce the amount of 
propagation loss to a minimum by selecting the proper 
combination of a standardized electrode thickness (h/X) 
with a cut angle 9. As a result, the insertion loss of the 
SAW device can be reduced. Therefore, in recent years, the 
LT substrate having a cut angle 9 set equal to 42° has been 
employed . 

There are several kinds of acoustic waves. If a cut 
angle 0 is set in the range of about 36° to 46°, and the 
direction of propagation is a crystal X axis, for example, 
a surface skimming bulk wave (SSBW) , which is a bulk wave 
propagated along the surface of an LT substrate described 
in a document: pp. 158-165, "Journal of Institute of 
Electronics and Communication Engineers of Japan", Vo 1. 
J67-C, No. 1, Jan. 1984 (referred to as a document 2, 
hereinafter), and a leaky surface acoustic wave (LSAW) are 
propagated. In the present application, these waves are 
generically termed as SAW, except when the waves are 
distinguished from each other. 

Fig. 2 is an upper surface view showing the 
constitution of the SAW filter, which is one type of an 
acoustic wave apparatus. In the drawing, a reference 
numeral 1 denotes an LT substrate made of a piezoelectric 
material; 3 an electrode finger; 4 a bonding pad; 5 an 
input side interdigital transducer (IDT) for performing 
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electric - surface acoustic wave energy conversion; 6 an 
output side IDT for performing surface acoustic wave - 
electric energy conversion; 7 an input terminal; and an 8 
an output terminal. WO represents a maximum value of the 
length of a portion intersected by the electrode finger 3. 

Fig. 3 is a sectional view of the SAW filter shown in 
Fig. 2. In the drawing, a code w represents a width of the 
electrode finger 3; p an arraying cycle of electrode 
fingers 3; and h a thickness of the electrode finger 3. 

Next, the operation of the SAW filter will be 
described. 

An electric signal applied to the input terminal 7 
forms an electric field at the intersection of each 
electrode finger 3 of the input side IDT 5. In this case, 
as the LT substrate 1 is made of the piezoelectric material, 
the electric field causes distortion. If the input signal 
has a frequency f, the strain that has been generated is 
vibrated at the frequency f, converting the signal into SAW. 
This SAW is then transmitted in a direction perpendicular 
to the electrode finger 3. At the output side IDT 6, the 
SAW is converted back into the electric signal. The 
conversion of the electric signal into the SAW, and the 
conversion of the SAW into the electric signal are 
reversible to each other. 

If a cut angle 6 is about 36°, and the propagation 
direction of the SAW is in a crystal X-axis direction, as 
described in the document 2, the displacement component of 
the SAW has a direction parallel to the electrode finger 3, 
and the surface of the LT substrate 1. Such a displacement 
component depends on the cut angle 9 of the cut surface of 
the LT substrate 1 and the propagation direction of the SAW. 

The SAW excited by the input side IDT 5 is propagated 
toward the output side IDT 6. However, if there is 
propagation loss in the LT substrate 1, the power of the 
SAW having reached the output side IDT 6 is smaller than 
that of the SAW immediately after its excitation by the 
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input side IDT 5 . The amount of the loss is approximately 
equal to a value obtained by multiplying a distance between 
the centers of the input side IDT 5 and the output side IDT 
6 standardized based on the wavelength X of the SAW by an 
attenuation constant a. 

Thus, assuming that the distances of the input side 
IDT 5 and the output side IDT 6 are equal to each other, as 
the amount of propagation loss in the LT substrate 1 is 
increased, the amount of insertion loss for the SAW filter 
is larger. As described in a document: pp. 56 to 81, 
"Surface Acoustic Wave Engineering", Institute of 
Electronics and Communication Engineers of Japan, issued by 
Corona Inc., Nov. 1983, since the wavelength X of the SAW 
is double the arraying cycle p of the electrode fingers 3, 
the amount of loss generated following propagation is 
approximately equal to a value, which is obtained by 
multiplying a numerical value half an average value of the 
numbers of electrode fingers 3 constituting the input side 
IDT 5 and the output side IDT 6 by an attenuation constant 
a. 

For excimple, as shown in Fig. 2, assuming that each 
of the input side IDT 5 and the output side IDT 6 has 7 
electrode fingers 3 , and the input side IDT 5 and the 
output side IDT 6 are disposed close to each other, the 
amount of loss generated following propagation is equal to 
a value, which is about 3 to 4 times larger than the 
attenuation constant a. As an example, if an attenuation 
constant a is 0.02 (dB/X.) , then the amount of loss 
following propagation takes a value set in the range of 
0.06 to 0.08 dB. 

As apparent from the foregoing, in order to realize a 
low-loss SAW device, it is important to use an LT substrate 
1 having a small amount of propagation loss. Heretofore, 
in the acoustic wave apparatus of the foregoing type, a cut 
angle 6 set in a range above 36° has been employed. 

As described above, the propagation loss greatly 
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affects the insertion loss of the SAW filter. However, the 
propagation loss is not the only factor that affects the 
insertion loss of the SAW filter. As material constants 
for representing the characteristics of the LT substrate 1, 
in addition to the propagation loss, there are an 
electromechanical coupling coefficient regarding 
conversion efficiency between the electric signal and the 
SAW, a capacitance CO regarding the impedance of the input 
or output side IDT 5 or 6, the propagation velocity Vs of 
the SAW, and so on. Among these constants, the 
electromechanical coupling coefficient is particularly 
important, because it decides the insertion loss or the 
pass band width of the SAW filter. 

For the acoustic wave apparatus using a pure surface 
acoustic wave bringing about no propagation loss in 
principle, such as a Rayleigh wave, Bleustein-Gulyaev- 
Shimizu (BGS) wave or the like, optimal designing 
conditions were known. However, for the acoustic wave 
apparatus using LSAW or SSBW, no specific conditions were 
known. 

As described above, the conventional acoustic wave 
apparatus of the foregoing type has been used under the 
condition for minimizing the propagation loss. However, 
since the electromechanical coupling coefficient k^ for 
greatly affecting the characteristics of the acoustic wave 
apparatus has not been used under any optimal conditions, 
deterioration has inevitably occurred in the insertion loss 
or the band width of the acoustic wave apparatus. 

The present invention was made to solve the foregoing 
problems, and it is an object of the invention to provide 
an acoustic wave apparatus with lower loss characteristics 
and wider band than the conventional acoustic wave 
apparatus of the foregoing type. 

DISCLOSURE OF THE INVENTION 

In accordance with the present invention, there is 
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provided an acoustic wave apparatus, comprising: a 
piezoelectric substrate mainly containing tantalic acid 
lithium; and an interdigital transducer including a 
conductor formed on the substrate. In this case, a surface 
rotated in the range of 34° to 41° from a crystal Y axis 
around a crystal X axis of the tantalic acid lithium is set 
as the surface of the substrate, a standardized electrode 
thickness (h/X) obtained by standardizing a thickness h of 
an electrode finger constituting the interdigital 
transducer by a wavelength X, of a surface acoustic wave is 
set in the range of 0.01 to 0.05, and a duty ratio (w/p) of 
the electrode finger decided based on a width w and an 
arraying cycle p of the electrode finger is set to the 
value ranging from 0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; and an 
interdigital transducer including a conductor formed on the 
substrate. In this case, a surface rotated in the range of 
35° to 42° from a crystal Y axis around a crystal X axis of 
the tantalic acid lithium is set as the surface of the 
substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting the interdigital transducer by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.05 to 0.075, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
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an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; and an 
interdigital transducer including a conductor formed on the 
substrate. In this case, a surface rotated in the range of 
36° to 43° from a crystal Y axis around a crystal X axis of 
the tantalic acid lithium is set as a surface of the 
substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting the interdigital transducer by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.075 to 0.1, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band than the conventional 
apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; an 
interdigital transducer including a conductor formed on the 
substrate; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 34° to 41° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithium is set as a surface of 
the substrate, a standardized electrode thickness (h/X.) 
obtained by standardizing a thickness h of an electrode 
finger constituting at least a part of the reflector by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.01 to 0.05, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 
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In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; an 
interdigital transducer including a conductor formed on the 
substrate; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 35° to 42° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithiiun is set as a surface of 
the substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting at least a part of said reflector by a 
wavelength X. of a surface acoustic wave is set in the range 
of 0.05 to 0.075, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithiiun; an 
interdigital transducer including a conductor formed on the 
substrate; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 36° to 43° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithiiun is set as a surface of 
the substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting at least a part of the reflector by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.075 to 0.1, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
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characterisi^ics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; and an 
interdigital transducer including a conductor formed on the 
substrate. In this case, a surface rotated in the range of 
34° to 41° from a crystal Y axis around a crystal X axis of 
the tantalic acid lithium is set as a surface of the 
substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting a part of the interdigital transducer 
by a wavelength X, of a surface acoustic wave is set in the 
range of 0.01 to 0.05, and a duty ratio (w/p) of the 
electrode finger decided based on a width w and an arraying 
cycle p of the electrode finger is set to the value ranging 
from 0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithiiun; and an 
interdigital transducer including a conductor formed on the 
substrate. In this case, a surface rotated in the range of 
35° to 42° from a crystal Y axis around a crystal X axis of 
the tantalic acid lithiiua is set as a surface of the 
substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting a part of the interdigital transducer 
by a wavelength X. of a surface acoustic wave is set in the 
range of 0.05 to 0.75, and a duty ratio (w/p) of the 
electrode finger decided based on a width w and an arraying 
cycle p of the electrode finger is set to the value ranging 
from 0 . 6 to j ust below 1.0. 

Thus, an acoustic wave apparatus with lower loss 



10 



characterist^ics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; and an 
interdigital transducer including a conductor formed on the 
substrate. In this case, a surface rotated in the range of 
36° to 43° from a crystal Y axis around a crystal X axis of 
the tantalic acid lithium is set as a surface of the 
substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of an electrode 
finger constituting a part of the interdigital transducer 
by a wavelength X of a surface acoustic wave is set in the 
range of 0.075 to 0.1, and a duty ratio (w/p) of the 
electrode finger decided based on a width -w and an arraying 
cycle p of the electrode finger is set to the value ranging 
from 0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; an 
interdigital transducer including a conductor formed on the 
substrate ; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 34° to 41° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithium is set as a surface of 
the substrate, a standardized electrode thickness (h/X.) 
obtained by standardizing a thickness h of a part of an 
electrode finger constituting a part of the reflector by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.01 to 0.05, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an arraying 
cycle p of a part of the electrode finger is set to the 
value ranging from 0.6 to just below 1.0. 
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Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; an 
interdigital transducer including a conductor formed on the 
substrate; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 35° to 42° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithium is set as a surface of 
the substrate, a standardized electrode thickness (h/A.) 
obtained by standardizing a thickness h of a part of an 
electrode finger constituting a part of the reflector by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.05 to 0.075, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an 
arranging cycle of a part of the electrode finger is set to 
the value ranging from 0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

In accordance with the invention, there is provided 
an acoustic wave apparatus, comprising: a piezoelectric 
substrate mainly containing tantalic acid lithium; an 
interdigital transducer including a conductor formed on the 
substrate; and a reflector including a conductor formed on 
the substrate. In this case, a surface rotated in the 
range of 36° to 43° from a crystal Y axis around a crystal 
X axis of the tantalic acid lithium is set as a surface of 
the substrate, a standardized electrode thickness (h/X) 
obtained by standardizing a thickness h of a part of an 
electrode finger constituting a part of the reflector by a 
wavelength X of a surface acoustic wave is set in the range 
of 0.075 to 0.1, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an arraying 
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cycle p of a part of the electrode finger is set to the 
value ranging from 0.6 to just below 1.0. 

Thus, an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics than the 
conventional apparatus can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing a result of calculating an 

attenuation constant, described in Japanese Patent 

Application Laid-Open No. 1997-167936. 

Fig. 2 is an upper surface view showing a 

constitution of an SAN filter. 

Fig. 3 is a sectional view of the SAW filter shown in 

Fig. 2. 

Fig. 4 is a view showing a result of calculating an 
attenuation constant when a standardized electrode 
thickness is set equal to 0.01, according to a first 
embodiment of the present invention. 

Fig. 5 is a view showing a result of calculating an 
electromechanical coupling coefficient when the 
standardized electrode thickness is equal to 0.01, 
according to the first embodiment of the invention. 

Fig. 6 is a view showing a result of calculating an 
attenuation constant when a standardized electrode 
thickness is set equal to 0.05, according to the first 
embodiment of the invention. 

Fig. 7 is a view showing a result of calculating an 
electromechanical coupling coefficient when the 
standardized electrode thickness is equal to 0.05, 
according to the first embodiment of the invention. 

Fig. 8 is a view showing a result of calculating an 
attenuation constant when a standardized electrode 
thickness is set equal to 0.075, according to the first 
embodiment of the invention. 

Fig. 9 is a view showing a result of calculating an 
electromechanical coupling coefficient when the 
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standardized electrode thickness is equal to 0.075, 
according to the first embodiment of the invention. 

Fig. 10 is a view showing a result of calculating an 
attenuation constant in an LT substrate when a standardized 
electrode thickness is set equal to 0.1, according to the 
first embodiment of the invention. 

Fig. 11 is a view showing a result of calculating an 
electromechanical coupling coefficient in the LT substrate 
when the standardized electrode thickness is equal to 0.1, 
according to the first embodiment of the invention. 

Fig. 12 is a view showing a pattern of a mode-coupled 
SAW resonant filter. 

Fig. 13 is a view showing a result of calculating a 
minimum insertion loss value of the mode-coupled SAW 
resonant filter shown in Fig. 12. 

Fig. 14 is a view showing a result of calculating 
feedthrough power of the mode-coupled SAW resonant filter 
shoim in Fig. 12. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Several embodiments for carrying out best the present 
invention are now explained in detail with reference to 
attached drawings . 

[First Embodiment] 

Fig. 4 is a view showing the result of calculating an 
attenuation constant o when a standardized electrode 
thickness (h/X.) is 0.01. In the drawing, an ordinate 
indicates an attenuation constant a (dB/X); and an abscissa 
a cut angle 6 of an LT substrate. As in the case shown in 
Fig. 1, the crystal X-axis direction of the LT substrate is 
set as the propagation direction of SAW, and a surface 
perpendicular to the axis of rotating a crystal Y axis by 9 
around the crystal X axis, i.e., the surface of rotating 
the crystal Y axis by 0 around the crystal X axis, is set 
as the surface of the LT substrate. 
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In the described case, calculation is made as to the 
propagation characteristic of SAW when electrode fingers 
each having a width w like that shown in Fig. 3 are 
endlessly arrayed at an arraying cycle p. Fig. 4 
specifically shows the results of calculation made by 
changing the duty ratio (w/p) of the electrode finger 
decided based on the width w and the arraying cycle p of 
the electrode finger from 0.2 to 0.8 each by 0.1. 

Fig. 5 is a view showing the result of calculating an 
electromechanical coupling coefficient when a 
standardized electrode thickness (h/X.) is 0.01. In the 
drawing, an ordinate indicates an electromechanical 
coupling coefficient k^; and an abscissa a cut angle 6 of 
the LT substrate as in the case shown in Fig. 4. Fig. 5 
shows the results of calculation made by changing the duty 
ratio (w/p) based on the same values as those shown in Fig. 
4. 

The results of calculation shown in Figs. 4 and 5 are 
based on the methods of analysis using discrete Green 
function respectively described in, for example, a 
document: pp. 649 to 654, "Recent Studies on Acoustic Wave 
Device Technology-Committee Report-, March, 1995, by 
Acoustic Wave Device Technology 150th Committee of Japan 
Society for the Promotion of Science (referred to as a 
dociunent 4, hereinafter), a document: pp. 786 to 791 of the 
same (document 5, hereinafter), and a document: pp. 93 to 
100, 23rd EM Symposium, May, 1994 (document 6, hereinafter). 
The back scattering effect of a program (FEMSDA) described 
in the document 5 is excluded in the results of calculation. 

Similarly to Figs . 4 and 5 , Figs . 6 and 7 show the 
results of calculation each made when a standardized 
electrode thickness (h/X,) is 0.05. The value 0.05 of the 
standardized electrode thickness (h/X) is used relatively 
frequently in the SAW device of a GHz band. 

Referring to Fig. 6, a cut angle 9 with respect to a 
minimum attenuation constant a is shown to be larger than 
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that shown in Fig. 4. In Fig. 7, however, if a cut angle 9 
is selected for a smaller attenuation constant a, an 
electromechanical coupling coefficient is smaller. In 
other words, as shown in Fig. 6, an attenuation constant a 
takes a minimxim value when a cut angle 9 is about 38°. But 
an electromechanical coupling coefficient k"^ takes a larger 
value when a cut angle 6 is lower than 38°. 

Similarly to Figs. 4 and 5, or Figs. 6 and 7, Figs. 8 
and 9 show the results of calculation each made when a 
standardized electrode thickness (h/X) is 0.075. Referring 
to Fig. 8, a cut angle 6 with respect to a minimum 
attenuation constant a is shotim to be larger than that 
shown in Fig. 6. An attenuation constant a is minimum when 
a cut angle 6 is about 39°. In Fig. 9, however, if a cut 
angle 9 is selected for a smaller attenuation constant a, 
an electromechanical coupling coefficient k^ is smaller. 
In other words, an electromechanical coupling coefficient 
k^ takes a larger value when a cut angle 9 is lower than 
39°. 

Similarly to Figs. 4 and 5, Figs. 6 and 7, or Figs. 8 
and 9, Figs. 10 and 11 show the results of calculation each 
made when a standardized electrode thickness (h/X.) is 0.1. 
Referring to Fig. 10, a cut angle 9 with respect to a 
minimum attenuation constant a is shown to be larger than 
that shoiim in Fig. 8. An attenuation constant a is minimum 
when a cut angle 6 is about 40°. In Fig. 11, however, if a 
cut angle 6 is selected for a smaller attenuation constant 
a, an electromechanical coupling constant k^ is smaller. 
In other words, an electromechanical coupling coefficient 
k^ takes a larger value when a cut angle 9 is lower than 
40°. 

In Fig. 6, for example, if a duty ratio (w/p) is 0.5, 
an attenuation constant a takes a minimum value 
substantially equal to 0 when a cut angle 9 is about 38°. 
However, in the case of the calculation result for the 
conventional acoustic wave apparatus of such a type, shown 
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in Fig. 1, if a standardized electrode thickness (h/X) is 
0.05, an attenuation constant a takes a minimum value 
equal to 0 when a cut angle 6 is about 40°. This is 
attributed to the fact that the calculation result of Fig. 
1 is for the ladder surface acoustic wave filter according 
to the document 1, and is different from the calculation 
result for the acoustic wave apparatus constructed by 
arraying the electrode fingers at an endless cycle. 

Fig. 12 shows the pattern of a mode-coupled SAW 
resonant filter, used to determine the effects of the 
calculation results shown in Figs. 4 to 11 on the SAW 
filter. In the drawing, a reference numeral 5 denotes an 
input side IDT. There are 31 electrode fingers 3 provided. 
A reference numeral 6 denotes an output side IDT. Two 
output sides IDT 6 are electrically connected in parallel 
with each other. One side of the output side IDT 6 has 18 
electrode fingers 3, while the other side has 20 electrode 
fingers 3. A reference numeral 9 denotes a grating 
reflector, which has 120 electrode fingers (i.e., strips) 
10 in one side. The line widths of the electrode fingers 3 
of the input and output side IDT 5 and 6 are all equal to 
one another at wi, and also arraying cycles all equal to 
one another at pi. 

The arraying cycle pg of the electrode fingers 10 of 
the grating reflector 9 shovm in Fig. 12 is set at 
pg=1.0251 pi, different from those of the input and output 
side IDT 5 and 6. The duty ratio {wg/pg) of the electrode 
fingers 10 of the grating reflector 9 is equal to that 
(wi/pi) of the electrode fingers 3 of each of the input and 
output side IDT 5 and 6. Hereinafter, these duty ratios 
(wi/pi) and (wg/pg) are generically referred to as a duty 
ratio (w/p) . 

Distances Dl and D2 are respectively 2.5 pi and 0.25 
pi. A maximum intersection width is 360 ]m. 

Fig. 13 shows the result of calculating a minimiun 
insertion loss value for the SAW filter shown in Fig. 12. 
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Specifically, Fig. 13 shows the results of calculation made 
by changing duty ratios (w/p) from 0.5 to 0.7 each by 0.1, 
when a standardized electrode thickness (h/X) is 0.05 for 
each of the electrode fingers 3 and 10 respectively of the 
input and output side IDT 5 and 6 and the grating reflector 
9. 

For the calculation, for example, a dociuaent: pp. 185 
to 205, "Acoustic Wave Device Technology Handbook", Nov. 
1991, by Acoustic Wave Device Technology 150th Committee of 
Japan Society for the Promotion of Science (referred to as 
a document 7, hereinafter) is available. In the described 
case, specifically, a 2nd equivalent circuit model by Smith 
described therein (Fig. 3.76, p. 188 of the document 7) is 
used for the input and output side IDT 5 and 6. 

For the grating reflector 9, for example, a document: 
pp. 206 to 227, "Acoustic Wave Device Technology Handbook", 
Nov. 1991, by Acoustic Wave Device Technology 150th 
Committee of Japan Society for the Promotion of Science 
(referred to as a document 8, hereinafter) is available. 
In the described case, specifically, a distributed constant 
equivalent circuit described therein (right side of Fig. 
3.134, p. 221 of the document 8) is used. 

The change of a cut angle 9 or a duty ratio (w/p) 
causes a change in the propagation velocity Vs of SAW. In 
the described case, however, calculation is made by 
changing an arraying cycle pi in such a way as to set a 
center frequency fO of each of the input and output side 
IDT 5 and 6 equal to 965MHz. In addition, the calculation 
is made by taking into consideration not only the changes 
of an attenuation constant a and an electromechanical 
coupling coefficient k% but also the changes of material 
constants for the SAW propagation velocity Vs, a 
capacitance CO, a reflection coefficient Cl, and so on. 

Referring to Fig. 13, a value of insertion loss is 
shown to be minimum when a cut angle 6 is about 38°, which 
is smaller than that used in the conventional acoustic wave 
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apparatus of such a type when a cut angle 6 is 36° or 42°. 
Referring to Fig. 6, an attenuation constant a is shown to 
be minimum when a cut angle 0 is 38°. This explains why 
the value of insertion loss is minimum when the cut angle 0 
is about 38°. It can therefore be understood that the 
attenuation constant a greatly affects the amount of 
insertion loss. 

Fig. 14 shows the result of calculating feedthrough 
power for the SAW filter shown in Fig. 12. Specifically, 
Fig. 14 shows the results of calculation made by changing 
cut angles 6 to 36°, 38° and 42°, when a standardized 
electrode thickness (h/X.) of each of the electrode fingers 
3 and 10 respectively of the input and output side IDT 5 
and 6 and the grating reflector 9 is 0.05, and a duty ratio 
(w/p) is 0.7. 

In addition, the calculation is made by assuming that 
when a cut angle 0 is 36°, an acoustic velocity Vs is 
4083.4 (m/s), an attenuation constant a 0.01749 (dB/X) , a 
capacitance CO 304 (pF/m) per electrode finger, and an 
electromechanical coupling coefficient 11.7 %; when a 
cut angle 0 is 38°, an acoustic velocity Vs is 4085.6 (m/s), 
an attenuation constant a 8xl0~* (dB/A,) , a capacitance CO 
304 (pF/m) per electrode finger, and an electromechanical 
coupling coefficient k^ 11.4 %; and when a cut angle 0 is 
42°, an acoustic velocity Vs is 4088.3 (m/s), an 
attenuation constant a 0.00833 (dB/X) , a capacitance CO 302 
(pF/m) per electrode finger, and an electromechanical 
coupling coefficient k^ 11.0 %. 

As shown in Fig. 14, feedthrough power is only 
slightly lower when the cut angle 0 is 36° compared with 
that when the cut angle 0 is 38°. However, when the cut 
angle 0 is 42°, feedthrough power is lower by 0.1 dB or 
more compared with that when the cut angle 0 is 38°. As 
shown in Fig. 6, an attenuation constant a is larger when 
the cut angle 0 is 36° or 42°, compared with that when the 
cut angle 0 is 38°. As shotm in Fig. 7, an 
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electromechanical coupling coefficient is larger when 
the cut angle 9 is 36°, compared with that when the cut 
angle 6 is 38°. When the cut angle 0 is 42°, an 
electromechanical coupling coefficient is smaller 
compared with that when the cut angle 6 is 38°. The only 
slightly lower level of the feedthrough power when the cut 
angle 6 is 36° compared with that when the cut angle 6 is 
38° can be attributed to the fact that when the cut angle 6 
is 36°, not only the attenuation constant a but also the 
electromechanical coupling coefficient k^ are larger than 
those when the cut angle 6 is 38°. The lower level of the 
feedthrough power by 0.1 dB or more when the cut angle 6 is 
42° compared with that when the cut angle 9 is 38° can be 
attributed to the fact that when the cut angle 9 is 42°, 
the attenuation constant a is larger than that when the 
cut angle 9 is 38°, but the electromechanical coupling 
coefficient k^ is smaller. Accordingly, it can be 
understood that the electromechanical coupling coefficient 
k^ also affects the cunount of insertion loss greatly. 

As can be understood from Fig. 7, the increase of the 
duty ratio (w/p) brings about a larger electromechanical 
coupling coefficient k^, reducing the amount of insertion 
loss and widening a pass band width. Even if the larger 
attenuation constant a increases the amount of loss 
following propagation, a corresponding increase if made in 
the electromechanical coupling coefficient k^ results in a 
reduction in the amount of insertion loss. 

As shown in Fig. 4, the attenuation constant a takes 
a minimum value when the cut angle 9 is about 37° and, by 
setting the cut angle 9 in the range of 34° to 40°, the 
attenuation constant a can be limited to 0.005 (dB/K) . In 
addition, as shovm Fig. 6, the attenuation constant a 
takes a minimum value when the cut angle 0 is about 38° and, 
by setting the cut angle 9 in the range of 35° to 41°, the 
attenuation constant a can be limited to 0.005 (dB/X) . 

As shovm in Figs. 5 and 7, when the cut angle 9 is 
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set in the range of 34° to 41°, the cut angle 6 is 36° or 
42° if the duty ratio (w/p) is 0.6 or higher. The 
electromechanical coupling coefficient is larger than 
that in the conventional case having the duty ratio (w/p) 
of 0.5. In the case having a large standardized electrode 
thickness (h/K) shown in Fig. 7, compared with that shown 
in Fig. 5, the electromechanical coupling coefficient k^ is 
larger under equal cut angles 9 and equal duty ratios (w/p) . 
There have been no reports made hitherto regarding the 
result of calculating an electromechanical coupling 
coefficient based on consideration given to the duty ratio. 
Thus, in the described case, a general duty ratio 0.5 was 
used as a conventional duty ratio. The same applies 
hereinafter. 

As described above, according to the first embodiment, 
the cut angle 8 of the LT substrate is set in the range of 
34° to 41°, the electrode thickness of each of the 
electrode fingers 3 and 10 respectively of the input and 
output side IDT 5 and 6 and the grating reflector 9 is set 
in the range of 0.01 to 0.05 with respect to a wavelength 
of SAW, and the duty ration (w/p) of the electrode fingers 
3 and 10 respectively of the input and output side IDT 5 
and 6 and the grating reflector 9 is set to the value 
ranging from 0.6 to just below 1.0. Thus, it is possible 
to realize an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics as compared 
with the conventional acoustic wave apparatus of such a 
type. 

Such an advantage can be obtained not only when the 
input and output side IDT 5 and 6 and the grating reflector 
9 all satisfy the above-described conditions, but also when 
only one of the components satisfies the conditions. 

For example, a similar advantage can be obtained when 
only the input side IDT 5 satisfies the conditions, i.e., 
when the cut angle 8 of the LT substrate is set in the 
range of 34° to 41°, the electrode thickness of the 
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electrode finger 3 of the input side IDT 5 is set in the 
range of 0.01 to 0.05 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
input side IDT 5 is set to the value ranging from 0.6 to 
just below 1.0. 

Similarly, a similar advantage can be obtained when 
only the output side IDT 6 satisfies the conditions, i.e., 
when the cut angle 6 of the LT substrate is set in the 
range of 34° to 41°, the electrode3 thickness of the 
electrode finger 3 of the output side IDT 6 is set in the 
range of 0.01 to 0.05 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
output side IDT 6 is set to the value ranging from 0.6 to 
just below 1.0. 

Likewise, a similar advantage can be obtained when 
only the grating reflector 9 satisfies the conditions, i.e., 
when the cut angle 9 of the LT substrate is set in the 
range of 34° to 41°, the electrode thickness of the 
electrode finger 10 of the grating reflector 9 is set in 
the range of 0 . 01 to 0 . 05 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of the electrode finger 10 of 
the grating reflector 9 is set to the value ranging from 
0.6 to just below 1.0. 

In addition, the foregoing advantage can be obtained 
not only when all the electrode fingers of the input and 
output side IDT 5 and 6 and the grating reflector 9 satisfy 
the conditions, but also when a part of the electrode 
fingers satisfies the conditions. 

For example, a similar advantage can be obtained when 
a part of the electrode fingers 3 of the input side IDT 5 
satisfies the conditions, i.e., when the cut angle 6 of the 
LT substrate is set in the range of 34° to 41°, the 
electrode thickness of a part of the electrode fingers 3 of 
the input side IDT 5 is set in the range of 0.01 to 0.05 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
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to the value ranging from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when a 
part of the electrode fingers 3 of the output side IDT 6 
satisfies the conditions, i.e., when the cut angle 6 of the 
LT substrate is set in the range of 34° to 41°, and the 
electrode thickness of a part of the electrode fingers 3 of 
the output side IDT 6 is set in the range of 0.01 to 0.05 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when a 
part of the electrode fingers 10 of the grating reflector 9 
satisfies the conditions, i.e., when the cut angle 0 of the 
LT substrate is set in the range of 34° to 41°, the 
electrode thickness of a part of the electrode fingers 10 
of the grating reflector 9 is set in the range of 0.01 to 
0.05 with respect to a wavelength of SAW, and the duty 
ratio (w/p) of a part of the electrode fingers 10 thereof 
is set to the value ranging from 0.6 to just below 1.0. 

Furthermore, the foregoing advantage can obtained not 
only when all portions of a part of the electrode fingers 
of the input and output side IDT 5 and 6 and the grating 
reflector 9 satisfy the conditions, but also when only a 
portion thereof satisfies the conditions. 

For example, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
input side IDT 5 satisfies the conditions, i.e., when the 
cut angle 6 of the LT substrate is set in the range of 34° 
to 41°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the input side IDT 5 is set in 
the range of 0.01 to 0.05 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
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output side IDT 6 satisfies the conditions^ i.e., when the 
cut angle 6 of the LT substrate is set in the range of 34** 
to 41°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the output side IDT 6 is set in 
the range of 0.01 to 0.05 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 10 of the 
grating reflector 9 satisfies the conditions, i.e., when 
the cut angle 6 of the LT substrate is set in the range of 
34** to 41°, the electrode thickness of a portion of a part 
of the electrode fingers 10 of the grating reflector 9 is 
set in the range of 0.01 to 0.05 with respect to a 
wavelength of SAW, and the duty ratio (w/p) of a portion of 
a part of the electrode fingers 10 thereof is set to the 
value ranging from 0.6 to just below 1.0. 

[Second Embodiment] 

As shown in Fig. 6, the attenuation constant a takes 
a minimum value when the cut angle 6 is about 38° and, by 
setting the cut angle 6 in the range of 35° to 41°, the 
attenuation constant a can be limited to 0.005 (dB/X). In 
addition, as shown in Fig. 8, the attenuation constant a 
takes a minimum value when the cut angle 6 is about 39° and, 
by setting the cut angle 6 in the range of 36° to 42°, the 
attenuation constant a can be limited to 0.005 (dBA). 

As shown in Figs. 7 and 9, when the cut angle 0 is 
set in the range of 35° to 42°, and the duty ratio (w/p) is 
0.6 or higher, the electromechanical coupling coefficient 
k^ is larger than that in the conventional case in which 
the cut angle 6 is 36° and the duty ratio (w/p) is 0.5. In 
the case having a large standardized electrode thickness 
(h/X) shown in Fig. 9, compared with that shown in Fig. 7, 
the electromechanical coupling coefficient k^ is larger 
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under equal cut angles 0 and equal duty ratios (w/p) . 

As described above, according to the second 
embodiment, the cut angle 6 of the LT substrate is set in 
the range of 35° to 42°, the electrode thickness of each of 
the electrode fingers 3 and 10 respectively of the input 
and output side IDT 5 and 6 and the grating reflector 9 is 
set in the range of 0.05 to 0.075 with respect to a 
wavelength of SAW, and the duty ratio (w/p) of the 
electrode fingers 3 and 10 respectively of the input and 
output side IDT 5 and 6 and the grating reflector 9 is set 
to the value ranging from 0.6 to just below 1.0. Thus, it 
is possible to realize an acoustic wave apparatus with 
lower loss characteristics and wider band characteristics 
as compared with the conventional acoustic wave apparatus 
of such a type. 

Such an advantage can be obtained not only when the 
input and output side IDT 5 and 6 and the grating reflector 
9 all satisfy the foregoing conditions, but also when only 
one of the components satisfies the conditions. 

For example, a similar advantage can be obtained when 
only the input side IDT 5 satisfies the conditions, i.e., 
when the cut angle 9 of the LT substrate is set in the 
range of 35° to 42°, the electrode thickness of the 
electrode finger 3 of the input side IDT 5 is set in the 
range of 0.05 to 0.075 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
input side IDT 5 is set to the value ranging from 0.6 to 
just below 1.0. 

Similarly, a similar advantage can be obtained when 
only the output side IDT 6 satisfies the conditions, i.e., 
when the cut angle 6 of the LT substrate is set in the 
range of 35° to 42°, the electrode thickness of the 
electrode finger 3 of the output side IDT 6 is set in the 
range of 0.05 to 0.075 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
output side IDT 6 is set to the value ranging from 0.6 to 
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just below 1.0. 

Likewise, a similar advantage can be obtained when 
only the grating reflector 9 satisfies the conditions, i.e., 
when the cut angle 9 of the LT substrate is set in the 
range of 35° to 42°, the electrode thickness of the 
electrode finger 10 of the grating reflector 9 is set in 
the range of 0.05 to 0.07 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of the electrode finger 10 of 
the grating reflector 9 is set to the value ranging from 
0.6 to just below 1.0. 

In addition, the foregoing advantage can be obtained 
not only when all the electrode fingers of the input and 
output side IDT 5 and 6 and the grating reflector 9 satisfy 
the conditions, but also when a part of the electrode 
fingers satisfies the conditions. 

For example, a similar advantage can be obtained when 
a part of the electrode fingers 3 of the input side IDT 5 
satisfies the conditions, i.e., when the cut angle 6 of the 
LT substrate is set in the range of 35° to 42°, the 
electrode thickness of a part of the electrode fingers 3 of 
the input side IDT 5 is set in the range of 0.05 to 0.075 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when a 
part of the electrode fingers 3 of the output side IDT 6 
satisfies the conditions, i.e., when the cut angle 9 of the 
LT substrate is set in the range of 35° to 42°, the 
electrode thickness of a part of the electrode fingers 3 of 
the output side IDT 6 is set in the range of 0.05 to 0.075 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when a 
part of the electrode fingers 10 of the grating reflector 9 
satisfies the conditions, i.e., when the cut angle 9 of the 



26 



LT substrate is set in the range of 35° to 42°, the 
electrode thickness of a part of the electrode fingers 10 
of the grating reflector 9 is set in the range of 0.05 to 
0.075 with respect to a wavelength of SAW, and the duty 
ratio (w/p) of a part of the electrode fingers 10 thereof 
is set to the value ranging from 0.6 to just below 1.0. 

Furthermore, the foregoing advantage can be obtained 
not only when all portions of a part of the electrode 
fingers of the input and output side IDT 5 and 6 and the 
grating reflector 9 satisfy the conditions, but also when 
only a portion thereof satisfies the conditions. 

For example, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
input side IDT 5 satisfies the conditions, i.e., when the 
cut angle 6 of the LT substrate is set in the range of 35° 
to 42°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the input side IDT 5 is set in 
the range of 0.05 to 0.075 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
output side IDT 6 satisfies the conditions, i.e., when the 
cut angle 6 of the LT substrate is set in the range of 35° 
to 42°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the output side IDT 6 is set in 
the range of 0.05 to 0.075 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 10 of the 
grating reflector 9 satisfies the conditions, i.e., when 
the cut angle 6 of the LT substrate is set in the range of 
35° to 42°, the electrode thickness of a portion of a part 
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of the electrode fingers 10 of the grating reflector 9 is 
set in the range of 0.05 to 0.075 with respect to a 
wavelength of SAW, and the duty ratio (w/p) of a portion of 
a part of the electrode fingers 10 thereof is set to the 
value ranging frcm 0.6 to just below 1.0. 

[Third Embodiment] 

As shown in Fig. 8, the attenuation constant a takes 
a minimum value when the cut angle 9 is about 39° and, by 
setting the cut angle 6 in the range of 36" to 42°, the 
attenuation constant a can be limited to 0.005 (dB/X) . In 
addition, as shown in Fig. 10, the attenuation constant a 
takes a minimum value when the cut angle 0 is about 40° and, 
by setting the cut angle 0 in the range of 37° to 43°, the 
attenuation constant a can be limited to 0.005 (dB/X). 

As shown in Figs. 9 and 11, when the cut angle 6 is 
set in the range of 36° to 43°, and the duty ratio (w/p) is 
0.6 or higher, the electromechanical coupling coefficient 
k^ is larger than that in the conventional case in which 
the cut angle 6 is 36° and the duty ratio (w/p) is 0.5. In 
the case having a large standardized electrode thickness 
(h/X) shovm in Fig. 11, compared with that shown in Fig. 9, 
the electromechanical coupling coefficient k^ is larger 
under equal cut angles 9 and equal duty ratios (w/p) . 

As described above, according to the third embodiment, 
the cut angle 9 of the LT substrate is set in the range of 
36° to 43°, the electrode thickness of each of the 
electrode fingers 3 and 10 respectively of the input and 
output side IDT 5 and 6 and the grating reflector 9 is set 
in the range of 0.075 to 0.1 with respect to a wavelength 
of SAW, and the duty ratio (w/p) of the electrode fingers 3 
and 10 respectively of the input and output side IDT 5 and 
6 and the grating reflector 9 is set to the value ranging 
from 0.6 upto just below 1.0. Thus, it is possible to 
realize an acoustic wave apparatus with lower loss 
characteristics and wider band characteristics as compared 
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wit:h the conventional acoustic wave apparatus of such a 
type. 

Such an advantage can be obtained not only when the 
input and output side IDT 5 and 6 and the grating reflector 
9 all satisfy the foregoing conditions, but also when only 
one of the components satisfies the conditions. 

For example, a similar advantage can be obtained when 
only the input side IDT 5 satisfies the conditions, i.e., 
when the cut angle 6 of the LT substrate is set in the 
range of 36° to 43°, the electrode thickness of the 
electrode finger 3 of the input side IDT 5 is set in the 
range of 0.075 to 0.1 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
input side IDT 5 is set to the value ranging from 0.6 to 
just below 1.0. 

Similarly, a similar advantage can be obtained when 
only the output side IDT 6 satisfies the conditions, i.e., 
when the cut angle 6 of the LT substrate is set in the 
range of 36° to 43°, the electrode thickness of the 
electrode finger 3 of the output side IDT 6 is set in the 
range of 0.075 to 0.1 with respect to a wavelength of SAW, 
and the duty ratio (w/p) of the electrode finger 3 of the 
output side IDT 6 is set to the value ranging from 0.6 to 
just below 1.0. 

Likewise, a similar advantage can be obtained when 
only the grating reflector 9 satisfies the conditions, i.e., 
when the cut angle 6 of the LT substrate is set in the 
range of 36° to 43°, the electrode thickness of the 
electrode finger 10 of the grating reflector 9 is set in 
the range of 0.075 to 0.1 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of the electrode finger 10 of 
the grating reflector 9 is set to the value ranging from 
0.6 to just below 1.0. 

In addition, the foregoing advantage can be obtained 
not only when all the electrode fingers of the input and 
output side IDT 5 and 6 and the grating reflector 9 satisfy 



29 



the conditions, but also when a part of the electrode 
fingers satisfies the conditions. 

For example, a similar advantage can be obtained when 
a part of the electrode fingers 3 of the input side IDT 5 
satisfies the conditions, i.e., when the cut angle 8 of the 
LT substrate is set in the range of 36° to 43°, the 
electrode thickness of a part of the electrode fingers 3 of 
the input side IDT 5 is set in the range of 0.075 to 0.1 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when a 
part of the electrode fingers 3 of the output side IDT 6 
satisfies the conditions, i.e., when the cut angle 6 of the 
LT substrate is set in the range of 36° to 43°, the 
electrode thickness of a part of the electrode fingers 3 of 
the output side IDT 6 is set in the range of 0.075 to 0.1 
with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 3 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when a 
part of the electrode fingers 10 of the grating reflector 9 
satisfies the conditions, i.e., when the cut angle 6 of the 
LT substrate is set in the range of 36° to 43°, the 
electrode thickness of a part of the electrode fingers 10 
of the grating reflector 9 is set in the range of 0.075 to 
0.1 with respect to a wavelength of SAW, and the duty ratio 
(w/p) of a part of the electrode fingers 10 thereof is set 
to the value ranging from 0.6 to just below 1.0. 

In addition, the foregoing advantage can be obtained 
not only when all portions of a part of the electrode 
fingers of the input and output side IDT 5 and 6 and the 
grating reflector 9, but also when only a portion thereof 
satisfies the conditions. 

For example, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
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input side IDT 5 satisfies the conditions, i.e., when the 
cut angle 6 of the LT substrate is set in the range of 36° 
to 43°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the input side IDT 5 is set in 
the range of 0.075 to 0.1 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Similarly, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 3 of the 
output side IDT 6 satisfies the conditions, i.e., when the 
cut angle 0 of the LT substrate is set in the range of 36° 
to 43°, the electrode thickness of a portion of a part of 
the electrode fingers 3 of the output side IDT 6 is set in 
the range of 0.075 to 0.1 with respect to a wavelength of 
SAW, and the duty ratio (w/p) of a portion of a part of the 
electrode fingers 3 thereof is set to the value ranging 
from 0.6 to just below 1.0. 

Likewise, a similar advantage can be obtained when 
only a portion of a part of the electrode fingers 10 of the 
grating reflector 9 satisfies the conditions, i.e., when 
the cut angle 0 of the LT substrate is set in the range of 
36° to 43°, the electrode thickness of a portion of a part 
of the electrode fingers 10 of the grating reflector 9 is 
set in the range of 0.075 to 0.1 with respect to a 
wavelength of SAW, and the duty ratio (w/p) of a portion of 
a part of the electrode fingers 10 thereof is set to the 
value ranging from 0.6 to just below 1.0. 

The invention has been described by taking the 
excimple of the mode-coupled SAW resonant filter shown in 
Fig. 12. However, the invention is not limited to such, 
and a similar advantage can be obtained even when a given 
number of IDT units other than 3 is prepared. Further, the 
invention is similarly advantageous even when it is applied 
to a so-called transversal filter having a multielectrode 
structure or the simply structured SAW filter shown in Fig. 
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2. 

In addition, in the foregoing cases, the arraying 
cycles of the electrode fingers 3 were all similar. 
However, the invention is similarly advantageous even when 
the arraying cycles are partially or entirely changed. A 
similar advantage can also be obtained even in the case 
where there is a floating electrode in the IDT or floating 
electrodes present at different positions in the IDT are 
electrically connected to each other. 

Furthermore, the present invention is advantageous 
not only for the SAW filter but also for all the other 
types of SAW devices including IDT having a function of 
conversion for the electric signal of a one terminal pair 
SAW resonator, a SAW delay line, a SAW dispersed delay line, 
a SAW convolver or the like with LSAW and SSBW. The 
invention is also advantageous for all acoustic wave 
apparatus using such SAW devices . 

Industrial Applicability 

As apparent from the foregoing, the acoustic wave 
apparatus of the invention is suitable for realizing a 
characteristic of smaller loss and a wider band than those 
in the conventional art. 
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WHAT IS CLAIMED IS: 

1. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; and 

an interdigital transducer including a conductor 
formed on said substrate, 

wherein a surface rotated in a range of 34° to 41° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting said interdigital transducer by a wavelength X. 
of a surface acoustic wave is set in a range of 0.01 to 
0.05, and a duty ratio <w/p) of the electrode finger 
decided based on a width w and an arraying cycle p of the 
electrode finger is set to the value ranging from 0.6 to 
just below 1.0. 

2. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; and 

an interdigital transducer including a conductor 
formed on said substrate, 

wherein a surface rotated in a range of 35° to 42° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate, 
a standardized electrode thickness (h/X.) obtained by 
standardizing a thickness h of an electrode finger 
constituting said interdigital transducer by a wavelength X 
of a surface acoustic wave is set in a range of 0.05 to 
0.075, and a duty ratio (w/p) of the electrode finger 
decided based on a width w and an arraying cycle p of the 
electrode is set to the value ranging from 0.6 to just 
below 1.0. 



3. An acoustic wave apparatus comprising: 



a piezoelectric substrate mainly containing tantalic 
acid lithium; and 

an interdigital transducer including a conductor 
formed on said substrate, 

wherein a surface rotated in a range of 36° to 43° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting said interdigital transducer by a wavelength K 
of a surface acoustic wave is set in a range of 0.075 to 
0.1, and a duty ratio (w/p) of the electrode finger decided 
based on a width w and an arraying cycle p of the electrode 
finger is set to the value ranging from 0.6 to just below 
1.0. 

4. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate; and 

a reflector including a conductor formed on said 
substrate , 

wherein a surface rotated in a range of 34° to 41° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate 
a standardized electrode thickness (h/X.) obtained by 
standardizing a thickness h of an electrode finger 
constituting at least a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.01 to 0.05, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

5. An acoustic wave apparatus comprising: 
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a piezoelectric substrate mainly containing tantalic 
acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate; and 

a reflector including a conductor formed on said 
substrate, 

wherein a surface rotated in a range of 35° to 42° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithiiun is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting at least a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.05 to 0.075, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

6. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate; and 

a reflector including a conductor formed on said 
substrate, 

wherein a surface rotated in a range of 36° to 43° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting at least a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.075 to 0.1, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 
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7. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithitim; and 

an interdigital transducer including a conductor 
formed on said substrate ^ 

wherein a surface rotated in a range of 34° to 41" 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate,, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting a part of said interdigital transducer by a 
wavelength X, of a surface acoustic wave is set in a range 
of 0.01 to 0.05, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

8. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; and 

an interdigital transducer including a conductor 
formed on said substrate, 

wherein a surface rotated in a range of 35° to 42° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithiiim is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of an electrode finger 
constituting a part of said interdigital transducer by a 
wavelength X, of a surface acoustic wave is set in a range 
of 0.05 to 0.75, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

9. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
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acid lithium; and 

an interdigital transducer including a conductor 
formed on said substrate, 

wherein a surface rotated in a range of 36° to 43° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate 
a standardized electrode thickness (h/X,) obtained by 
standardizing a thickness h of an electrode finger 
constituting a part of said interdigital transducer by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.075 to 0.1, and a duty ratio (w/p) of the electrode 
finger decided based on a width w and an arraying cycle p 
of the electrode finger is set to the value ranging from 
0.6 to just below 1.0. 

10. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate; and 

a reflector including a conductor formed on said 
substrate, 

wherein a surface rotated in a range of 34" to 41° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithiiun is set as a surface of said substrate 
a standardized electrode thickness (h/X.) obtained by 
standardizing a thickness h of a part of an electrode 
finger constituting a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.01 to 0.05, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an arraying 
cycle p of a part of the electrode finger is set to the 
value ranging from 0.6 to just below 1.0. 

11. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
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acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate ; and 

a reflector including a conductor formed on said 
substrate , 

wherein a surface rotated in a range of 35° to 42° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithiiun is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of a part of an electrode 
finger constituting a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.05 to 0.075, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an 
arranging cycle of a part of the electrode finger is set to 
the value ranging from 0.6 to just below 1.0. 

12. An acoustic wave apparatus comprising: 

a piezoelectric substrate mainly containing tantalic 
acid lithium; 

an interdigital transducer including a conductor 
formed on said substrate; and 

a reflector including a conductor formed on said 
substrate, 

wherein a surface rotated in a range of 36° to 43° 
from a crystal Y axis around a crystal X axis of the 
tantalic acid lithium is set as a surface of said substrate, 
a standardized electrode thickness (h/X) obtained by 
standardizing a thickness h of a part of an electrode 
finger constituting a part of said reflector by a 
wavelength X of a surface acoustic wave is set in a range 
of 0.075 to 0.1, and a duty ratio (w/p) of a part of the 
electrode finger decided based on a width w and an arraying 
cycle p of a part of the electrode finger is set to the 
value ranging from 0.6 to just below 1.0. 
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ABSTRACT OF THE DISCLOSURE 

There is disclosed an acous-bic wave apparatus, 
constructed in such a manner that a surface rotated in the 
range of 34° to 41° from a crystal Y axis around the 
crystal X axis of tantalic acid lithitim is set as the 
surface of a substrate, a standardized electrode thickness 
(h/X.) obtained by standardizing a thickness h of an 
electrode finger constituting at least a part of an 
interdigital transducer by a wavelength X, of a surface 
acoustic wave is set to the range of 0.01 to 0.05, and a 
duty ratio (w/p) of the electrode finger decided based on a 
width w and an arraying cycle p of the electrode finger is 
set to the value ranging from 0.6 to just below 1.0. 
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July 9, 2001 


m 


Residence '—cT 

Tol^Oj^Japan^J^^ 


P 


Citizenship 

Japanese 




Post Office Address 

do MITSUBISHI DENKI KABUSHIKI KAISHA 


2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310 Japan 
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■^Full name of sixth joint inventor, if any, 

Masatsune YAMAGUCHI 



Sixth Inventor's signature Date 

^4ia££^'^<^ yW^g^-p^^-^ July 9, 2001 

Residence 



Citizenship 
Japanese 



Post Office Address 

3-10-4, Miyanodai, SaJoira-shi, Chiba 



285-0857 Japan 



Full nanK of sevaith joint invaitor, if any, 

Kenya HASHHyPEQ-^ 



Sevaitii Invaator's signature 



July 9, 2001 



Residaice 

Chilpa, Japan _c3^}J^' 



Citizen^P 

Japanese 



Post Office Address 
4-31-1, Futawanishi, Funabashi-shi, 



ChUDa 274-0806 Japan 



Full name of ei^lii joint invaitor, if any, 

Jatsuya OHMDR I,.^ 



Ei^th Invonttor's signature 



Date 

July 9, 2001 



ChUoa, Japan 



CitizKiship 

Japanese 



T-T 



Post Office Address 

6-7-18, Ts\±>akimori, Chuo-ku, Chxba-shi, 



Chiba 260-0042 Japan 
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. , Full name of ninth joint inventor, if any, 

/ — \f\ 

C/\^mj± IBATA 


mmmmm<Dm^ an 


Ninth Inventor's signature Date 
y-^^h S-Vo^^Ov . jmiy 9^ 2001 


m 


Residence A 
Tokyo^ JapaiT"^^ {\Jj 


mm 


Citizenship | 




Japanese 




Post Office Ad(h:ess 




c/o MITSUBISHI DENKI KABUSHIKI KAISHA, 




2~3 f Mairunouchi 2~choitK/ Chiycxia— ku^ 




Ibkyo 100-8310 Japan 




Full name of tenth joint inventor, if any, 




Tenth Invaitor's signature Date 




Residence 


Citizenship 




Post Office Address 




mi KDmmmmo^ mm-r^m^) 


Full name of eleventh joint inventor, if any. 




Elevenl3i Inventor's signature Ifete 


'ffi^ff Residence 


Citizenship 




Post Office Address 
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